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ALTHOUGH many health authorities be-
Jl\. lieve that malaria has been eradicated as

an endemic disease in the United States, we

have evidence indicating primary cases of ma¬

laria contracted by persons indigenous to the
Commonwealth of Pennsylvania.
Malaria is never a static entity, least of all in

the North Temperate Zone, either in its local
manifestation or in its geographic distribution
(1). To establish and maintain the disease, the
malaria vector must be continuously present,
and there must be infected persons and suscep¬
tible nonimmune persons accessible to attack by
the vector.
Our purpose is to discuss briefly, for the pub¬

lic health worker, the conditions necessary for a

malaria outbreak ancl to determine as closely as

possible whether these factors are periodically
present in the United States. Pennsylvania
data wTill be used to illustrate concepts that are

applicable to other areas of the United States.
(The taxonomic terminology used in the identi¬
fication of the life cycle of the Plasmodium
parasite will be omitted whenever possible for
the sake of clarity and simplicity.)
Malaria Vector

Anopheles quadrimaculatus (Say) is the most
important vector of malaria in eastern North
America (2). This mosquito, found through¬
out Pennsylvania, is an important potential
vector in the Commonwealth (3). The estab¬
lishment of the presence of the vector, however,
is not significant in itself. The vector must
take a blood meal containing plasmodia, must
survive long enough for the parasite to develop
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in its body, and then must bite a nonimmune
person.
Horsfall (If) states that in areas inhabited by

man A. quadrimaculatus may feed naturally
on man, cows, horses, pigs, sheep, dogs, cats, and
fowl. Examination of blood taken from mos-

quitoes of this species collected in human dwel-
lings indicates that the majority of blood meals
are on human hosts. Thus feeding seems to

depend on the availability of the host. The
females may seek a blood meal every third day,
and their importance as malaria carriers to man
depends on how frequently they select man

under any given set of circumstances.
In nature most vector deaths are undoubtedly

due to causes other than degeneration and lack
of viability. They usually result from hazards
of climate and natural enemies. Anophelines
survive from fall to spring in caves and trees as

evidenced by recent overwintering studies con¬

ducted in Pennsylvania ("1965 Distribution and
Bionomics of Mosquitoes of Pennsylvania," un¬

published paper by W. Wills, entomologist,
division of sanitation, Pennsylvania Depart¬
ment of Health).
The time required for development of the

parasite in the mosquito (extrinsic incubation
period) depends upon environmental temper¬
atures. A study by Thomas (5) of Plasmodium
vivax infections in A. quadrimaculatus (fig. 1),
shows that 82° F. is the optimum temperature
because it is the lowest temperature at which the
development is completed in the shortest time.
Other studies indicate that the optimum temp¬
eratures for the development of malaria para-
sites in the mosquito are approximately (4, 6) :

Plasmodium m/dariae.72° F.
Plasmodium vivax.77° F.
Plasmodium falciparum.86° F.
The average daily temperature per month for

the 5-year period 1959-63 in the 10 climatologic
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divisions of the State indicates that the highest
temperatures are reached in July and August
(7). A Pennsylvania Department of Health
statewide mosquito survey, 1961-64, revealed
that the adult population of A. quadrimacu¬
latus is greatest during July and August.
Figure 2 shows that the monthly temperatures
for this period in many of the State's climato¬
logic divisions will permit P. malariae to de¬
velop (72° F. for 25-30 days) and are sufficient
for the development of P. vivax (72.5° F. for 14
days).
The survival of the vector and parasite under

these climatic and temporal conditions may be
illustrated by this example. If 12 female A.
quadrimaculatus mosquitoes feed on a person
known to have P. vivax parasites in his or her
blood, 6 mosquitoes, or 50 percent, may become
infected with the parasite (<_?). If the probable
survival rate is 95 percent per day, at the end of

a 14-day period approximately three of these
six mosquitoes would be living and carry-
ing the parasite at a stage in its development
when it could cause malaria were the mosquitoes
to take a human blood meal. If the probability
of these six infected mosquitoes' surviving was

85 percent, the last mosquito would have died
by the 12th day. Under Pennsylvania's climatic
conditions, this is 2 days short of the time nec¬

essary for the parasite to develop in the mos¬

quito. Thus we see that the percent survival per
day is very important, particularly in geo¬
graphic areas having temperatures low enough
to require fairly long extrinsic incubation
periods.
Reservoir

Although the malaria parasites may survive
in the salivary glands of the mosquito for a long
period, the insect seems to act mainly as a trans-

Figure 1. Time-temperature relationship for development of Plasmodium vivax in Anopheles
quadrimaculatus
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Figure 2. Climatic divisions of Pennsylvania with average monthly temperatures, 1959-63
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mitting agent and not as reservoir. Man is the In July 1963, a 56-year-old woman resident
reservoir of human malaria in North America. of Pittsburgh first experienced chills which
Since 1935 there have been 2,232 reported cases recurred every fourth day. In late October,
of malaria in Pennsylvania, the vast majority in physical examination revealed her spleen to be
military personnel stationed in the State during enlarged. Upon a routine complete blood count
the years 1944 through 1947. The following performed in November, a laboratory tech-
data (based on 1935-64 records of the division nician noted malaria parasites. The slide was

of communicable disease control, Pennsylvania read as positive for P. malariae at the hospital
Department of Health) show the number of and confirmed at the Communicable Disease
cases reported in Pennsylvania in this period: Center, Public Health Service, Atlanta, Ga. (9).

The patient was born in Czechoslovakia and at

1935-43 119
ReP°HedmSeS age 11/2 had immi£rated to the United States'

1944_
"""""

345 (2 civilians) She had never been known to have had malaria
1945_ 663 (2 civilians) earlier. Her rare travels had been confined to
1946- 876 (6 civilians).reported in 33 the northeastern United States. She denied

counties. having been outside Allegheny County in the
1947_ 137 (2 civilians) , Jp , , , . , *. ,

J
» -, -,-,?

1948 23 past decade and demed a history or drug addic-
1949_ 27 tion. (The needle used to inject drugs has been
1950_ l incriminated in the spread of malaria from one

1951- 2 addict to another.) The woman stated she had
!^o~62- 2? ,_ . ,. , _. , never received any blood transfusions. A check
1963- 5 (1 indigenous to Allegheny .

J
. , , ,

Countv) of 33 regional hospitals and blood banks re-

1964_ 11 vealed no record of a blood transfusion to this
- woman.

Total. 2,232The number of persons currently living in
In 1945 one case of malaria was acquired in Pennsylvania who have at one time had malaria

Lehigh County and one in Northampton and who might have a reappearance of, or a

County. In 1946 and again in 1948 one male marked increase in the number of circulating
civilian patient was treated for malaria in parasites (relapse) is unknown. Some of the
Montgomery County. It was believed that he 2,232 persons with reported cases are in this
had contracted the disease while in Huntingdon, category. Furthermore, some cases of malaria
Pa. H. D. Propst, M.D., Honesdale, Pa. (in a may have escaped the attention of the physician
letter to the Pennsylvania Department of or not have been recognized because the disease
Health, June 22, 1953), referred to 6 cases of seemingly had disappeared in this State for a

malaria previously reported in patients who had number of years. It is equally difficult to esti-
never been out of northern Pennsylvania and mate the number of cases not reported because

New York State. the primary attacks occurred in another State
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or outside the United States and no apparent
relapses had occurred since the person entered
the Commonwealth. An African student in an

Ameriean college or university who has had
malaria may be unaware that he has had
this disease and may never display the outward
signs associated with a relapse. Periodically,
however, the parasite will be found in the stu-
dent's circulatory system in a high enough
concentration to permit transmission if the
proper vector and host are present.
The importance of one person as a source of

infection was well established by Brunetti and
associates (10), who reported that 35 cases of
P. vivax malaria occurred in 1952 among a

group of Camp Fire girls attending summer

camp at Lake Vera, Calif. The probable
source of these infections was traced to a recent¬
ly returned Korean veteran. This outbreak
also demonstrates the vulnerability of a nonim¬
mune population when favorable conditions
exist and malaria is introduced from abroad.

Russell and associates (11) state that relapses
are uncommon in Plasmodium ovale infections
and fairly common in cases caused by P. falci-
parum, but as a rule they do not occur more

than 1 year after infection. The authors fur¬
ther state that P. malariae is known for its
relapsing character and that undoubtedly P.
malariae relapses have occurred 30 years or

more after infection. Often the only clue to a

continuing P. malariae infection is a case of
malaria occurring promptly after a blood trans¬
fusion from a previously unsuspected carrier of
the parasite, a phenomenon first reported in
Pennsylvania in 1946 (12). The most notori-
ous of the four species of Plasmodium for re-

lasping tendencies is P. vivax, but in most cases
no relapses occur after 2i/_> years. Eussell and
associates note, however, that relapses have been
observed in the third year after a P. vivax in¬
fection and in occasional cases for 1 or 2 years
longer. When the parasite's ability to cause re¬

lapses increases, the importance of relapses as

active reservoirs also increases.

Discussion
The extremely low incidence of malaria in

Pennsylvania aids in maintaining a high level
of susceptibility in the population. Some of
the military personnel returning to the States

at the end of World War II and the Korean
confliet were potential reservoirs of infection.
Tourists returning to the United States from
subtropical and tropical areas may carry the
malaria infection. Not all patients with ma¬

laria are treated with drugs that will prevent
relapse. And, like the unsuspecting African
student and the rare person with a case of ma¬

laria that has escaped the attention of a phy¬
sician, they are all potential reservoirs of
infection. It must be emphasized, however,
that this reservoir is extremely small and at
times may be nonexistent, since it depends on

the number, frequency, and duration of relapses.
The mosquito survey of the Pennsylvania

Department of Health demonstrated clearly the
statewide distribution of A. quxidHmacalatus,
the most important vector of malaria in eastern
United States. This mosquito, found in all cli¬
matic divisions of the State, was shown to have
peak adult populations during July and Au¬
gust, the months of the highest average daily
temperature. Laboratory temperatures are

sufficient to permit the cyclic development in the
mosquito of P. malariae within 25-30 days and
of P. vivax within 14 days. Laboratory tem¬

peratures, however, may not reflect the fluctu-
ating temperature prevalent in the natural
environment of the adult mosquito. A. quadri¬
maculatus is zoophilic, but whether it feeds on

man depends upon man's availability.
In Pennsylvania, a susceptible population is

periodically exposed to an indigenous or mi-
grating reservoir of infection in a geographic
area that affords both the vector and the cli¬
matic conditions necessary for transmission of
malarial infection. Then why have only a few
cases of the disease been reported ? The possi¬
bility of unrecognized cases probably is of mi¬
nor significance in explaining the extremely low
incidence of reported infection. One of the
most limiting factors is the small population
of A. quadrimaculatus in the State. The fairly
long extrinsic incubation periods of the malaria
parasite and the zoophilic feeding habits of the
mosquito necessitate certain conditions to insure
transmission of the malaria infection from man
to man: (a) active feeding by the mosquitoes on
a reservoir, (b) a high mosquito survival rate,
and (c) active feeding by large numbers of
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mosquitoes on a susceptible population. In
geographic areas of the United States experi-
encing slightly higher average daily tempera-
tures than Pennsylvania the extrinsic incubation
period will be completed in fewer days. In such
areas, fewer mosquitoes with lower survival
rates can perpetuate the malaria infection.
Proper (lesign, construction, ancd maintenance

of water impoundments is to a large extent re-
sponsible for the small A. q?tadrnmacu7atus
popuilation in Pennsylvania. Wte hav-e further
protected ourselves by screening the doors and
windows of our dwellings. These measures
have he]ped isolate the reservoir from the vector
and subsequently, the vector from the suscep-
tible poptulation. Powvell and Brewver (13)
state that the increasing(r resistance to residual
insecticides by the vector and increasing evi-
dence of resistance to antimalarial drrugs by the
parasite are, well established. The potential of
activ-e immunization against malaria in man has
not been completely explored. AMan's ability to
control malaria by controlling his enivironlment,
howvever, is wvell established.
We can no longer consider the flight range of

the Avopheles mosquito as a barrier protecting
man from its bite and 'the subsequent possibility
of disease. For man in his desire for more
space anid more time for outdoor sports has
moved into an environment sonew-llat foreign
to hiimself andl potentially favorable -to -the
vector of malaria.
The Pennsylvania Department of Healtlh's

first publication on vector control, "The AMala-
rial Mosquito and the Rain Barrel Mosquito,"
published in 1907 (14), stated: "No one can get
malaria unless bitten by the malarial mosquito,
hence the necessity for its extermination."
Today, some 58 years later, this concept still
applies, not only to Pennsylvania but to all of
the United States.

Summary

Indigenous and immigrating reservoirs of
human malaria parasites exist periodically in
Pennsylvania in the midst of a susceptible pop-
ulation. AMoreover, adult mosquitoes of the
species Anopheles quadriimaculatus are found
in all 10 climatic divisions of the State; peak

populations of the species have beeni observed in
July and August. In July and August the
average daily temperature in Pennsylvania will
permit completion 'of the extrinsic incubation
period of Plasmrodium m alariae within 25-30
days and of Plasintodiurn vivax within 14 days.
The presence of the mosquito, its proximity to
man, and its feeding habits make it possible
under these climatic conditions for the mosquito
to transmit malaria from a reservoir to a sus-
ceptible populationi. The few cases of reported
malaria in Pennsylvania provide further evi-
dence that all conditions necessary for trans-
mission of this disea.se are periodically present
in the State and that transmission does occur.
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Public Health Service Staff Appointments

Dr. Eugene H. Guthrie, recently appointed As-
sistant Surgeon General for Operations, has moved
to third in line of command within the Public Health
Service. He succeeds Assistant Surgeon General
James M. Hundley who retired January 31, 1966.

Born in Washington, D.C., Dr. Guthrie has spent
his entire professional career in the Public Health
Service. He received his medical degree from the
George Washington University School of Medicine
in 1951 and his master's degree in public health from
the University of Michigan in 1955. He was com-
missioned in the Service in 1951 when he began his
internship at the Public Health Service Hospital in
Baltimore. Subsequently, he was public health resi-
dent in the Montgomery County (Md.) Health De-
partment and in the California State Department of
Public Health.

Dr. Guthrie came to Washington in 1956 as chief
of School Health and Rural Health Activities. In
1959, he was named chief program officer for the
Bureau of State Services, and, 2 years later, chief of
the Neurological and Sensory Disease Service Branch
of the Division of Chronic Diseases. Several months
later he became chief of the Division. He received
the Public Health Service Meritorious Medal in 1964
for his work on the Surgeon General's Advisory
Committee on Smoking and Health.

Dr. Guthrie is a member of the American Medical
Association, American Public Health Association,
American School Health Association, and the Med-
ical Committee of the President's Commission on
Employment of the Handicapped.

Dr. Francis A. Arnold, Jr., formerly director of
the National Institute of Dental Research, succeeded
Assistant Surgeon General Ralph S. Lloyd, who re-
tired February 1, 1966, as Chief Dental Officer.

Dr. Arnold, born in Orrville, Ohio, received his
dental degree from Western Reserve University in
1934. He served his internship at the U.S. Marine

Hospital in Cleveland and was commissioned in the
Public Health Service in 1936. He has been in den-
tal research at the National Institutes of Health
since 1937 and has served as associate director and
director. A pioneer in the study of fluorides and
epidemiologic studies of fluoridation, Dr. Arnold re-
ceived an honorary doctor of science degree from
Western Reserve University and the Callahan
Award, the Geis Award, and the Dean Award. He
is a Fellow of the American College of Dentists and
the American Public Health Association and a mem-
ber of the International Association for Dental Re-
search, American Dental Association, American
Epidemiological Society, American Association for
the Advancement of Science, Washington Academy
of Medicine, and Washington Academy of Science.

Dr. David J. Sencer, whose entire professional
career has been in the area of infectious disease con-
trol, has been named chief of the Communicable
Disease Center, Atlanta, Ga. He succeeds Assistant
Surgeon General James L. Goddard who was ap-
pointed Commissioner of the Food and Drug Admin-
istration.
A native of Grand Rapids, Mich., Dr. Sencer was

educated at Wesleyan University, Middleton, Conn.,
and the University of Mississippi and received his
medical degree from the University of Michigan in
1951. He served his internship and his residency
in internal medicine at the University of Michigan
Hospital, and received his master's degree in public
health from Harvard University in 1958.

Dr. Sencer has been a member of the Public
Health Service Commissioned Corps since 1955.
He has also served as assistant chief and deputy
chief of the Communicable Disease Center. He is a
member of the American Medical Association,
American Public Health Association, American
Thoracic Society, and American Society of Tropical
Medicine.
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